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Radical anions have been formed via electron transfer from multiply charged 5'-d(AAA)-3' 
and 5'-d(AAAA)-3' anions to CCI~. These ions have been isolated in a quadrupole ion trap 
operated with helium bath gas at a pressure of 1 mtorr and subjected to resonance excitation 
(i.e., conventional ion trap collisional activation). Collisional activation of the even-electron 
species of the same charge state formed directly via electrospray was also performed by 
using essentially identical conditions. The collisional activation data can be compared 
directly without ambiguity arising from differences in parent ion internal energies and/or  
dissociation time frames. Both the odd- and even-electron anions yield extensive sequence- 
informative fragmentation but show significant differences in the extent of nucleobase loss 
and in the relative contributions from the various sequence diagnostic dissociation channels. 
The results of this study indicate that radical anions derived from multiply deprotonated 
oligo-deoxynucleotides that survive the electron transfer process are stable with respect o 
fragmentation i the ion trap environment under normal storage conditions and that the 
unimolecular dissociation behavior of these ions differs from the even-electron a ions of the 
same charge state. These findings suggest, therefore, that odd- and even-electron anions 
might be used to provide complementary sequence information in cases in which neither ion 
type provides the full sequence. © 1997 American Society for Mass Spectrometry (J Am Soc 
Mass Spectrom 1997, 8, 148-154) 
T 
he identities and relative abundances of uni- 
molecular decomposition products of polyatomic 
ions, as reflected in mass and tandem mass spec- 
tra, are a function of ion structure, ion internal energy, 
and the time frame over which the decomposition 
products are accumulated [1-3]. Definitive conclusions 
regarding ion structure and mechanistic details of de- 
composition are difficult to draw based on spectra 
acquired under different conditions of time and/or  
internal energy. Such a problematic situation prevailed 
in our recent report regarding electron transfer eac- 
tions from multiply charged even-electron anions to 
rare gas cations [4, 5]. It was noted that the odd-elec- 
tron anions of several deoxy-polyadenylate anions 
formed via electron transfer to ionized krypton and 
xenon from even-electron precursor anions were essen- 
tially completely dissociated. That is, no measurable 
signal from the intact radical anion was observed, 
while a variety of decomposition products, formed 
only in the presence of cations, was noted for several 
deoxy-polyadenylate nions. 
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Most of the fragment ions resulting from the highly 
exoergic electron transfer eactions could be rational- 
ized based on fragmentation noted for even-electron 
anions of the same charge state under ion trap colli- 
sional activation conditions [6-9]. There were, how- 
ever, significant differences in relative ion abundances 
and some observations without parallels in the even- 
electron anion collisional activation data. Unfortu- 
nately, it was not possible to attribute the differences 
in behavior to odd- versus even-electron a ion decom- 
position characteristics alone, since the odd-electron 
anion decompositions were driven by the exothermic- 
ity of the electron transfer process whereas the even- 
electron anion decompositions were driven by ion trap 
collisional activation. 
The inability to trap and isolate the odd-electron 
parent anions derived from electron transfer to the rare 
gas cations precluded ion trap collisional activation of 
these species. In this communication, we report he use 
of a cation, CCI~', with a lower recombination energy 
than the rare gas cations that, upon reaction with the 
anions derived from the deoxy-polyadenylates 5'- 
d(AAA)-3' and 5'-d(AAAA)-3', yield sufficient quanti- 
fies of the odd-electron parent ions to allow for ion 
isolation followed by ion trap collisional activation. 
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Tandem mass spectrometry data obtained under es- 
sentially identical collisional activation conditions were 
also obtained from the analogous even-electron parent 
ions to allow for a direct comparison of odd- and 
even-electron decomposition reactions under very sim- 
ilar time and ion internal energy conditions. 
Although far more work must be done to draw 
general conclusions regarding the similarities and dif- 
ferences in the decompositions of odd- versus even- 
electron anions derived from the same parent molecule 
(both singly and multiply charged), these results are 
significant in that they constitute the first example of a 
comparison obtained under a fixed set of conditions. 
The results are also significant in that the use of 
cations of relatively low recombination energies can 
yield stable odd-electron anions even from relatively 
fragile deoxy-oligonucleotide anions. 
Experimental 
Doubly and singly deprotonated 5'-d(AAA)-3' and 
triply and doubly deprotonated 5'-d(AAAA)-3' were 
formed via negative ion electrospray of approximately 
50-/~M solutions in 90:10 methanol:water (flow rate = 
1.0 ~L/min,  electrospray voltage -3.5 to -4.0 kV). 
The polyadenylates, purchased from Pharmacia 
(Milwaukee, WI) as the sodium salts, were first dis- 
solved in water to yield solution concentrations of 1302 
[5'-d(AAAA)-3'] and 2240 ~M [5'-d(AAA)-3'] from 
which aliquots were diluted in methanol to give the 
solutions ubjected to electrospray. 
Experiments were performed by using a Finnigan 
(San Jose, CA) ion trap mass spectrometer (ITMS TM) 
modified for electrospray [10] and for electron impact 
ionization via electron injection through a 3-mm hole 
drilled in the ring electrode [11]. The anions were 
gated into the ion trap by application of a variable 
voltage to one of the half plates of the electrospray 
interface [10]. During the anion accumulation period, 
anions that passed through the homemade vacuum 
atmosphere interface were focused onto the aperture of 
an endcap electrode. For cation formation, a variable 
length pulse generator (Stanford Research Systems, 
Sunnyvale, CA, model 535) was used to control the 
electron gate voltage of the filament such that a soft- 
ware controlled trigger pulse (ICMS software provided 
by N. Yates and the University of Florida) was used to 
gate electrons into the ion trap (with the variable 
length pulser used to define the cation formation pe- 
riod). Carbon tetrachioride was admitted into the vac- 
uum system to a pressure of 6 x 10 -7 torr. The major 
cation accumulated in the ion trap from electron ion- 
ization of carbon tetrachloride was CCI~" (> 99%) by 
using a low mass/charge cutoff of 80 or 90 during the 
electron injection period. In all cases, the anion accu- 
mulation period (200-400 ms, low mass/charge 
cutoff = 100), followed by an ion isolation step, pr~ 
ceded the cation formation period. 
Tandem mass spectra derived from the reactions of 
polyadenylate anions with carbon tetrachloride cations 
were acquired by using the following sequence: anion 
accumulation, mass/charge selection of the anion 
charge state of interest, electron injection-cation for- 
mation, a mutual storage period of 100-200 ms, and a 
mass scan. Ion isolation for the multiply charged anion 
was effected by using a single scan of the if-voltage 
amplitude applied to the ring electrode while simulta- 
neously applying a single frequency [12] in either 
monopolar or dipolar fashion [13] chosen to sweep out 
ions of mass/charge greater than that of the ion of 
interest. Lower mass/charge ions were swept out by 
passing the ions through the q~ = 0.908 exclusion limit. 
Mass analysis was effected by resonance jection [14] 
to y ie ld  a mass/charge range of 100-1300 Th (qei~t = 
0.454). 
Ion trap collisional activation data were acquired 
within the context of MS 3 experiments. The odd-elec- 
tron parent anions were isolated following the ion-ion 
reaction period. Two resonance jection ramps were 
required for the [M - 2H]-" anion of M -- 5'-d(AAA)- 
3' due to the fact that the low mass/charge jection 
afforded by the if-amplitude ramp was limited to m/z 
650. Even-electron ions formed directly via electro- 
spray as well as those formed by ion-molecule proton 
transfer eactions involving adventitious acidic species 
in the vacuum system were isolated by using the same 
ion isolation procedure used for the odd-electron 
species of the same charge. Following ion isolation, a 
30-ms collisional activation period with identical con- 
ditions of helium pressure, well depth [13], and reso- 
nance excitation amplitude and frequency was used 
for both the odd- and even-electron a ions of the same 
charge state. A frequency of 48.9 kHz was used for the 
singly charged ions derived from 5'-d(AAA)-3' and a 
frequency of 71.45 kHz was used for the doubly 
charged ions derived from 5'-d(AAAA)-3'. 
Results and Discussion 
Ion-ion reactions involving electron transfer from a 
multiply charged even-electron anion to a singly 
charged even-electron cation, shown generically as 
M ' -+ X+~ M( ' -n - '+  X" (1) 
have reaction enthalpies determined by the difference 
between the electron affinity (EA) of M ('-1)-" and the 
recombination energy (RE) of X +, namely, 
AHrx,, = EA(M ('-~)-')  - RE(X +) (2) 
For ground state reactants and products, the RE of X + 
is equivalent to the adiabatic ionization energy (rE) of 
X" In previous studies, we used the rare gas radical 
cations derived from krypton (IE = 14 eV) [15] and 
xenon (IE = 12.1 eV) [15] as the cationic reactants with 
multiply charged polyadenylate anions and in no case 
could observe measurable signal due to intact M ( ' -  1)-. 
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anions [4]. For this reason, we examined the reactions 
of CCI~- [IE(CCI~)= 7.8 eV] [15] with some of the 
same anions reacted with the rare gas cations. (The RE 
of CCI~" has not been reported and the reported IE of 
CCI~ is based on a bracketed value of the heat of 
formation of CCI~-.) Although electron affinities of 
radical anions have not been measured, they are not 
expected to exceed those of neutral molecules with 
high electron affinities (e.g., 2 eV) due to the destabiliz- 
ing effect of the Coulomb field [16]. Although the 
A Hrx n values cannot be determined accurately, the 
electron transfer eactions are expected to be exother- 
mic by at least 5 eV, even for the reactions with CCI~'. 
Nevertheless, the reactions with CCI~- are estimated to 
be less exothermic than those involving ionized kryp- 
ton and xenon by 6.2 and 4.3 eV, respectively. Despite 
the high reaction exothermicities of ion-ion reactions 
relative to those normally encountered in ion-mole- 
cule reactions, fragmentation tends to be minimized by 
collisional cooling afforded by the bath gas. For exam- 
pie, we recently modeled the attachment of cations to 
anions of oxidized bovine A-chain insulin and showed 
that the dissociation rate must exceed the collisional 
cooling rate for fragmentation tobe observed [17]. The 
inherent lifetimes of large oscillator systems, such as 
the deoxy-polyadenylates, even with internal energies 
in excess of the lowest critical energy for decomposi- 
tion, can allow for significant collisional cooling, 
thereby removing sufficient excess energy to allow for 
survival of at least some of the intact ions. The model- 
ing study [17] showed that an energy input into an 
oxidized bovine A-chain insulin ion of 3.5 eV is almost 
completely removed from the ion via collisions with 
helium within 1 ms. 
Figures 1 and 2 compare spectra adapted from the 
previously reported ion-ion reactions involving Xe +" 
reacting with mass selected [M-  2H] 2- from 5'- 
d(AAA)-3' (Figure la) and mass selected [M - 3H] 3- 
from 5'-d(AAAA)-3' (Figure 2a) with the correspond- 
ing data derived from the reactions of CCI~. In the 
comparison of the 5'-d(AAA)-3' electron transfer e- 
sults with Xe +" and CCI~ (Figure 1), it is apparent that 
there are many qualitative similarities. For example, 
essentially all of the decomposition products in Figure 
la greater than 5% of the abundance of the most 
intense fragment ion, labeled w 2 according to previ- 
ously described nomenclature [6, 7], are also present in 
Figure lb. The w 2 product along with an ion resulting 
from the loss of the 3' base and cleavage across the 3' 
sugar, indicated with a space sign (#) in the figures, 
are abundant decomposition products in both spectra. 
Furthermore, w~-, a2-B2(A)-, and a 2 are also observed 
in both spectra. The major difference between the spec- 
tra is that the relative abundance of the [M - 2H]-" 
anion is much larger relative to the w 2 product when 
CCI~- is used as the cationic reagent than when Xe +" is 
used as the reagent. In fact, essentially all of the singly 
charged ions present in the molecular anion region of 
the spectrum of Figure la could be attributed to [M - 
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Electron transfer tandem mass pectra resulting from 
the reaction of the [M - 2H] 2- dianion of 5-d(AAA)-3' with Xe +" 
(a) and with CCl~ (b). The mass-selected parent anion is indi- 
cated by an asterisk. A product ion arising from loss of the 3' 
adenine and cleavage across the 3' sugar is indicated with a 
space sign. Mass/charge values associated with selected peaks 
are indicated parenthetically and fractional multiplication factors 
(e.g., x 0.4, x 0.3) indicate the extent o which the parent ion 
signal must be reduced to allow it to be plotted on the indicated 
intensity scale. 
H]-  anions formed via ion-molecule proton transfer 
reactions. This conclusion was supported by the fact 
that the ion trap coUisional activation of this ion yielded 
data (not shown) that were indistinguishable from the 
ion trap collisional activation spectrum of the [M-  
H]-  anion formed directly by electrospray. As subse- 
quently shown, the ion trap collisional activation of the 
singly charged anions similar in mass to the parent 
molecule shown in Figure lb are mostly (> 90%) [M 
- 2H I - :  
Similar observations can be drawn for the compari- 
son of the 5'-d(AAAA)-3' anions in reactions with Xe +" 
and CCI~. The fragmentation patterns in the spectra of 
Figure 2 are qualitatively very similar. Essentially all 
of the major decomposition products are held in com- 
mon, including the appearance of the product ion 
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Xe +" (a) and with CCl~ (b). The mass-selected parent anion is 
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arising from the unusual decomposition i volving loss 
of the 3' adenine and part of the 3' sugar. The major 
difference between the spectra of Figure 2 lies in the 
abundances of the [M - 3H] 2-" anions. In the case of 
the reaction with ionized xenon, virtually no signal 
could be attributed to this ion, whereas it is the most 
abundant product arising from reaction with CC1]". 
Presumably, this arises from the fact that reaction 
exothermicity in the latter case is low enough to trap 
and store a significant fraction of the initially formed 
[M - 3H] 2-" anions. 
Figure 3 compares the ion trap collisional activation 
data derived from the [M - H] -  and [M - 2H]-" par- 
ent ions from 5'-d(AAA)-3'. In the former case, singly 
charged ions derived from electrospray and any singly 
charged ions formed by ion-molecule proton transfer 
reactions in the vacuum system prior to ion isolation 
were subjected to ion trap collisional activation (see 
Figure 3a). In the latter case, doubly charged anions 
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Figure 3. Spectra derived from ion trap coUisional ctivation of 
the [M - H]- (a) and [M - 2HI-' (b) parent ions derived from 
5'-d(AAA)-3'. The mass-selected parent anion is indicated by an 
asterisk. Mass/charge values associated with selected peaks are 
indicated parenthetically. Signals at mass/charge values higher 
than that of the parent ion arise from ions not ejected uring 
mass selection. These ions were not subjected to ion trap coUi- 
sional activation and do not contribute to the spectrum of disso- 
ciation products. 
were isolated, subjected to reaction with CCI~', and the 
singly charged product ions were then isolated and 
subjected to ion trap collisional activation. Both spectra 
were obtained by using the same ion isolation proce- 
dure for the singly charged ions and the same low 
mass/charge cutoff (m/z 120), ion activation time (30 
ms), and resonance xcitation amplitude (170 mV). In 
tuning the frequency for resonance xcitation it was 
noted that the collisional activation data, both in terms 
of relative product ion abundances and percent of 
parent ions converted to product ions, were insensitive 
to frequency within + 100 Hz of the apparent optimal 
frequency for converting parent ions to product ions 
for each of the parent ions of interest. [The difference 
in z-dimension secular frequency for ions of m/z 875 
( [M - 2H]- ' )  and m/z 876 ([M - H] - )  is 55 Hz under 
the reaction conditions used here (total frequency of 
roughly 48,400 Hz).] Therefore, the same resonance 
excitation frequency was used for both parent ions. 
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The relatively high collision frequency environment of
the ion trap (104-105 ion-helium collisions per second) 
tends to lead to collisional mediation of both kinetic 
and internal energies. Both the odd- and even-electron 
parent ions underwent a minimum of about 600 colli- 
sions with helium prior to resonance excitation, assum- 
ing a conservative collision rate constant between the 
ion and helium to be 1 x 10 -9 ¢_.m 3 molecule -1 s -~, a 
helium number density of 3 x 1013 cm -3, and a mini- 
mum delay of 20 ms between ion formation and colli- 
sional activation. Furthermore, ach ion type also un- 
derwent, on average, the same number of collisions 
during resonance xcitation. On the time scale of these 
experiments, therefore, the populations of the even- 
and odd-electron ions are expected to have very simi- 
lar kinetic and internal energy distributions both be- 
fore and during resonance xcitation. 
The spectra shown in Figure 3 were acquired under 
very similar conditions of time and internal energy 
and can therefore be used to draw conclusions regard- 
ing the two types of anions--even-electron versus 
odd-electron--with minimized possibility for ambigu- 
ities arising from differences in ion preparation. Sev- 
eral of the major differences between fragmentation 
induced by electron transfer, as seen in Figure 1, and 
ion trap collisional activation of the even-electron an- 
ion (compare, for example, Figure la with Figure 3a) 
are also apparent in the comparison of Figure 3a and b. 
Perhaps most striking is the near absence of signal due 
to loss of neutral adenine ( -AH peak) from collisional 
activation of the odd-electron anion (Figure 3b). Very 
little signal due to the loss of AH (m/z 740) appears in 
Figure I as well. It has been shown that even-electron 
multiply charged anions derived by electrospray frag- 
ment under ion trap collisional activation conditions 
primarily via loss of a nucleobase followed by cleavage 
at the 3' C-O bond from which the base is lost to give 
complementary w- and (a-B)-type anions [6-9]. For 
singly charged ions, w-type fragments tend to domi- 
nate, as in Figure 3a. Although relatively little base 
loss was observed in the ion-ion reactions with the 
rare gases, the fact that some of the fragmentation 
products from multiply charged ions could be ascribed 
to (a-B) ions led to the conclusion that the odd-electron 
species also fragmented first by base loss followed by 
formation of w- and (a-B)-type ions. The near absence 
of base loss (-AH) in the collisional activation spec- 
trum, the appearance of both expected w-type anions, 
and the consistent appearance of a small signal corre- 
sponding to the expected a~ species, rather than the 
(a2-B2(A))- species, suggest hat the first step in de- 
composition of the radical anion species may be cleav- 
age leading to complementary w- and a-type frag- 
ments. Isolation and coUisional activation of the ion 
formed via base loss (-AH) from the even-electron 
ions [M - HI -  yields the w-type ions (data not shown). 
Although the possibility that the loss of the base from 
the odd-electron ion could be driven to completion 
under the ion trap collisional activation conditior~s 
used here cannot be excluded, it seems unlikely that 
the relatively gentle ion trap heating process would 
not show the lowest energy decomposition process. 
(The small signal that corresponds to loss of neutral 
adenine in Figure 3b may very well arise from colli- 
sion-induced issociation of a small population of [M 
- H]-, estimated to be < 10% of the total isolated ion 
population, that might also be present.) A simpler 
explanation is that cleavage at the 3' C-O bond occurs 
without being preceded by base loss. The appearance 
of an (a2-B2(A))- anion in the electron transfer spec- 
trum of Figure la may arise from base loss from the a 2 
species in an interesting reversal of order relative to 
the fragmentation of the even-electron a ion. It is also 
important o recognize that the collisional activation 
data for the odd-electron anion can include a small 
contribution from the even-electron parent (< 10%). 
Any even-electron anions formed from ion-molecule 
proton transfer reactions that occur in competition 
with ion-ion electron transfer after the initial isolation 
of the [M - 2HI 2- anion may also undergo collision- 
induced dissociation. The near absence of signal aris- 
ing from loss of adenine in Figure 3b, however, sug- 
gests that the [M - H]-  anion contributes very little to 
the data of Figure 3b. 
The second major observation in the product ion 
spectrum of Figure 3b is the appearance of the product 
ion attributed to loss of the 3' adenine along with 
cleavage of the 3' sugar, as designated by a space sign. 
This product was noted in the electron transfer spectra 
of the anions derived from 5'-d(AAA)-3' and 5'- 
d(AAAA)-3' (see Figures 1 and 2), but was not ob- 
served to be an important product in data collected for 
5'-d(AAAAA)-3' anions [4]. The ion trap collisional 
activation data indicate that this channel can compete 
with the channels leading to the w-type anions, at least 
for [M - 2HI-" from 5'-d(AAA)-3', implying that it is 
not a particularly high energy process requiring a 
highly exothermic reaction for observation. 
Figure 4 compares the ion trap collisional activation 
results for the [M-  3H] 2-" and [M-  2H] 2- anions 
derived from 5'-d(AAAA)-3'. As in the comparison of 
the even- and odd-electron singly charged anions of 
5'-d(AAA)-3', the decomposition behavior of each par- 
ent ion is distinct. In the case of the doubly deproto- 
hated molecule (Figure 4a), virtually all of the product 
ions can be attributed to the two step process of base 
loss followed by cleavage at the sugar to give w- and 
(a-B)-type ions. By far, the major decomposition chan- 
nel gives rise to the wff/(a3-B3(A))- complementary 
pair. The first step in giving rise to this set of products 
is the loss of neutral adenine. Loss of the 5' sugar also 
takes place after base loss yielding the w 2- product. 
Loss of charged adenine takes place to a lesser degree 
followed by loss of the 5' sugar to give the w 3 prod- 
uct. Very little evidence for loss of an adenine followed 
by cleavage to give the w2/(a2-B2(A))- complemen- 
tary pair is apparent. Perhaps the most remarkable 
feature of the spectrum derived from the odd-electron 
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Figure 4. Spectra derived from ion trap collisional activation of 
the [M-  2H] 2- (a) and [M-  3H] 2-" (b) parent ions derived 
from 5'-d(AAAA)-3'. The mass-selected parent anion is indicated 
by an asterisk. Mass/charge values associated with selected 
peaks are indicated parenthetically. 
ion is the nearly complete lack of evidence for loss of 
adenine as either a neutral or as an anion. The small 
signal that corresponds to neutral adenine loss may 
very well arise from the presence of some even-elec- 
tron parent ion, estimated to comprise < 10% of the 
isolated parent ion population, arising from ion-mole- 
cule proton transfer during the ion-ion reaction pe- 
riod. In contrast o the even-electron case, by far the 
most abundant product is the w 2- dianion. Also seen 
are the w 3, w~-, w 1 , a3, and (a3-B3(A))- products. At 
least some of the signal due to the w~/(a3-B3(A))- 
complementary pair can be attributed to contributions 
from the even-electron parent. Therefore, as with the 
d(A) 3 anions, the odd-electron species apparently can 
fragment directly to give the w-type products without 
first undergoing loss of a nucleobase. 
In addition to the difference in tendency for base 
loss from the even- versus odd-electron dianions, the 
relative contributions from the sequence-informative 
decomposition channels are also markedly different. 
Cleavage at the 5' nucleotide is the dominant reaction 
for the odd-electron parent, whereas dissociation be- 
tween the third and fourth nucleotides dominates for 
the even-electron parent anion. Although very similar 
sequence information is apparent in both spectra, the 
detailed mechanisms for decomposition clearly differ 
for the even- and odd-electron parent anions. Nucle- 
obase loss appears not to be as important with the 
odd-electron species. This leads to the possibility that 
the preferred ecomposition channels are less sensitive 
to the identities of the bases with odd-electron anions 
derived from DNA than with even-electron anions. 
The factors that determine the relative contributions 
from the various competitive reaction channels that 
lead to sequence-informative fragments are not under- 
stood in detail for either odd- or even-electron anions 
derived from DNA. However, these data suggest hat 
different factors may determine the "selection rules" 
for decomposition of the different ion types. For this 
reason, interrogation of even- and odd-electron anions 
may yield complementary structural information. 
Conclusion 
Radical anions of DNA formed via electron transfer 
from even-electron multiply charged anions that sur- 
vive the electron transfer process are stable with re- 
spect to fragmentation under normal storage condi- 
tions in the quadrupole ion trap operated with a bath 
gas at 1 mtorr. Cations with relatively low recombina- 
tion energies maximize the fraction of ions that survive 
the electron transfer process. The singly charged radi- 
cal anion derived from 5'-d(AAA)-3' and the doubly 
charged radical anion derived from 5'-d(AAAA)-3' 
show little or no base loss upon ion trap collisional 
activation, in contrast to the behavior of the corre- 
sponding even-electron a ions. Nevertheless, equence- 
informative fragments, primarily in the form of w-type 
ions, are observed suggesting that cleavage along the 
DNA backbone may occur without the preceding loss 
of a nucleobase. The even-electron anions, on the other 
hand, fragment first by nucleobase loss, followed by 
cleavage of the DNA backbone. The relative abun- 
dances of the various sequence-informative ions 
formed from the two parent ion types differ signifi- 
cantly, suggesting that the factors that determine the 
partitioning of fragmentation among the various com- 
petitive dissociation channels are different for odd- 
and even-electron DNA anions. This observation, 
therefore, suggests that tandem mass spectrometry of
the two parent ion types might provide complemen- 
tary structural information. 
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